The aim of this study was to investigate the relationship between lipid and nonlipid biomarker levels achieved during statin therapy and the incidence of major cardiovascular events (MCVEs) in patients with stable coronary heart disease (CHD).
Background
Several plasma nonlipid biomarkers have been shown to predict MCVEs in population studies.
Methods
This is a nested case-control study in the TNT (Treating to New Targets) study population, a randomized trial that compared the efficacy of high-(80 mg) versus low-dose (10 mg) atorvastatin for the secondary prevention of CHD. Fasting plasma levels of standard lipids and of 18 nonlipid biomarkers were obtained after an 8-week run-in period on atorvastatin 10 mg and again 1 year after being randomized to 10 or 80 mg atorvastatin in 507 patients who experienced MCVEs during the 4.9 years of study follow-up and in 1,020 control subjects. An MCVE was defined as CHD death; nonfatal, non-procedure-related myocardial infarction; resuscitated cardiac arrest; or fatal or nonfatal stroke.
Results
Low-density lipoprotein cholesterol, high-density lipoprotein cholesterol, and triglycerides were all predictive of recurrent MCVEs (p Յ 0.009). Concentrations of many of the 18 nonlipid biomarkers were lowered by atorvastatin therapy (independent of dose). However, almost none of the nonlipid biomarker levels, whether measured after the 8-week run-in period or after 1 year of treatment with 10 or 80 mg atorvastatin, were predictive of recurrent MCVEs.
Conclusions
In patients with stable CHD, atorvastatin improved plasma levels of an expanded panel of nonlipid biomarkers. However, independently of atorvastatin dose, the achieved levels of the vast majority of nonlipid biomarkers did not predict MCVEs. There has been much recent interest in the ability of nonlipid biomarkers associated with systemic inflammation, oxidative stress, tissue remodeling, and/or insulin resistance to predict adverse cardiovascular outcomes and to identify individuals at high risk of future coronary heart disease (CHD) events and stroke (1, 2) . The concentration of one of these, high-sensitivity C-reactive protein (hsCRP), predicts future cardiovascular events in apparently healthy individuals and in subjects treated with statins (3) (4) (5) . The results of these studies have been used to support the argument that the concentration of nonlipid biomarkers such as hsCRP should be included in algorithms designed to predict cardiovascular outcomes and to measure the efficacy of statin treatment (6) . However, there are inconsistencies, with some studies finding that levels of nonlipid biomarkers have minimal predictive power beyond that of established CHD risk factors (7) (8) (9) . We further address this issue by investigating how the concentrations of plasma lipids and nonlipid biomarkers relate to cardiovascular events in the TNT (Treating to New Targets) study.
Methods

Study design.
The study protocol and outcome measures for the TNT study have been published previously (10) . In brief, patients with clinically manifest CHD commenced 8 weeks of open-label treatment with atorvastatin 10 mg/day. After this run-in period, 10,001 patients with low-density lipoprotein cholesterol (LDL-C) levels Ͻ3.4 mmol/l (Ͻ130 mg/dl) were randomized in a double-blind design to therapy with either 10 mg or 80 mg of atorvastatin/day. Patients were followed for a median of 4.9 years. The primary end point was the time to the first occurrence of a major cardiovascular event (MCVE), defined as CHD death; nonfatal, non-procedure-related myocardial infarction; resuscitated cardiac arrest; or fatal or nonfatal stroke. A full description of the nested case-control study population and biomarker analyses is presented in the Online Appendix (see also Table 1 ). Statistical methods. Patient characteristics at randomization were compared between treatment groups of the main study and treatment groups of this substudy with a chisquare test for categorical variables and a Wilcoxon rank sum test for continuous variables. Similarly, characteristics of substudy patients at time of randomization were compared between those who did and those who did not experience a cardiovascular event during the study followup. Changes in biomarkers were tested with a signed rank test and compared between treatment groups with a Wilcoxon rank sum test. The association between on-treatment lipids and biomarker levels (at time of randomization and at 1 year) and primary end point was assessed with Cox proportional hazards after adjustment for age, sex, and treatment effect, with time to primary end point as the dependent variable for all patients and for patients within each treatment group. Treatment by biomarker interaction was examined separately in the same model with the addition of interaction term. Logistic regression was also used to confirm the findings observed with Cox proportional hazards. Independent variables included age, sex, treatment effect, and the log 2 transformed biomarker level.
Results
Patient population.
Characteristics of patients in this substudy were similar to those in the total TNT population ( Table 2 ). Characteristics of patients in the biomarker subgroup who experienced an MCVE and those who did not are also shown in Table 2 for the classical CHD risk factors and in Table 3 for the nonlipid biomarkers. The patients randomly selected as control subjects had similar characteristics compared with the rest of patients who did not have a clinical event (p Ͼ 0.10). At the time of randomization all participants had been taking atorvastatin at a dose of 10 mg/day for at least 8 weeks.
Relationships of MCVEs to biomarker levels measured at time of randomization. Table 4 shows the relationship between standard lipids and nonlipid biomarkers and risk of MCVE with Cox proportional hazards. In this analysis of the combined 10-and 80-mg atorvastatin groups, the concentrations of LDL-C, triglycerides, and high-density lipoprotein cholesterol (HDL-C) measured at randomization were all predictive of MCVEs. In contrast, almost none of the nonlipid biomarkers measured at the time of randomization predicted MCVEs. The only exception was osteopontin, with higher levels at randomization associated with a significantly lower risk of future MCVE. In addition to the analysis of the combined 10-and 80-mg atorvastatin groups, separate analyses were performed for each treatment group. These relationships between lipid levels at randomization and subsequent MCVEs in the separate treatment groups were consistent with those observed in the overall study population (Online Table 1 ). Similar results were obtained with logistic regression (Online Table 2 ) and upon exclusion of patients who had experienced fatal or nonfatal stroke during follow-up (Online Table 3 ). Effect of treatment on biomarker levels. Significant changes from baseline in the levels of all lipids and most Biomarkers Studied in TNT 
R E T R A C T E D
nonlipid biomarkers were observed after 1 year in both the 10-and 80-mg atorvastatin groups ( Fig. 1 ). There were no significant differences between the changes observed in the 2 treatment groups.
Relationships between MCVEs and biomarker levels measured after 1 year of treatment. After 1 year of treatment with atorvastatin, levels of LDL-C, HDL-C, and triglycerides remained significantly predictive of subsequent MCVEs in the combined groups and in the 10-mg atorvastatin group (Table 5 ). In the 80-mg atorvastatin group, it was only the HDL-C measured at 1 year that remained as a significant predictor of MCVEs. Almost none of the nonlipid biomarkers measured after 1 year of treatment were predictive of MCVEs in either treatment group, in contrast to the lipid levels. Changes in nonlipid biomarker levels between randomization and 1 year did not predict MCVEs in the total group or in either treatment group (data not shown). Similar results were obtained with logistic regression (Online Table 4 ) and upon exclusion of patients who had experienced fatal or nonfatal stroke during follow-up (Online Table 5 ).
Discussion
This nested case-control substudy of the TNT trial was designed to investigate the ability of a number of lipid and nonlipid biomarkers to predict MVCEs in stable, statintreated CHD patients. Although the ability of traditional Lipids (mg/dl) LDL-C 98 (18) 98 (17) 97 (17) 97 (17) 100 (17) 96 (17) Ͻ0.0001
Patients Characteristics at Time of Randomization
Total cholesterol 175 (24) 175 (24) 174 (24) 174 (23) 176 (25) 173 (23) (11) 46 (10) 47 (11) 45 (10) 48 (11) Ͻ0.0001
At the time of randomization, all participants had been taking 10 mg atorvastatin for at least 8 weeks. *The p value for patients that experienced an event versus those that did not in the biomarker subgroup. HDL-C ϭ high-density lipoprotein cholesterol; LDL-C ϭ low-density lipoprotein cholesterol. At the time of randomization, all participants had been taking 10 mg atorvastatin for at least 8 weeks. *The p value for patients that experienced an event versus those that did not in the biomarker subgroup.
Non-Lipid Biomarker Levels at Time of Randomization
Abbreviations as in Table 1 .
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lipid biomarkers to predict MCVEs was completely consistent with observations from a large number of previous studies, almost none of the emerging nonlipid biomarkers predicted the risk of MCVEs in the current analysis, a finding that seems to contrast with studies conducted in individuals not taking statins in which several of these nonlipid biomarkers have been reported to be independent predictors of incident MCVEs (11) (12) (13) . This suggests that, in statin-treated patients with stable CHD, in contrast to standard lipids, nonlipid biomarkers have virtually no predictive value and should not be used to monitor the efficacy of statin treatment. Several studies have shown that statins reduce plasma levels of markers associated with systemic inflammation, oxidative stress, tissue remodeling, and/or insulin resistance (4, 5, 14) . In the present study-which is one of the most comprehensive studies on the topic, in terms of sample size and number of biomarkers studied-we found that most of the biomarkers plasma levels improved between the 8-week run-in period and 1 year. However, our results show that increasing atorvastatin dose to 80 mg did not result in additional changes in biomarkers levels. This finding seems to contrast with other trials performed in patients with CHD, such as the CAP (Comparative Atorvastatin Pleiotropic) effect study and the PROVE IT-TIMI 22 (Pravastatin or Atorvastatin Evaluation and Infection TherapyThrombolysis In Myocardial Infarction 22) study, in which a dose-response effect of statin on CRP levels was observed (80 mg atorvastatin vs. 40 mg pravastatin in the PROVE IT-TIMI 22 trial, and 80 mg atorvastatin vs. 10 mg atorvastatin in the CAP trial) (4, 15) . Additionally, in the REVERSAL (Reversal of Atherosclerosis with Aggressive Lipid Lowering) trial, 80 mg atorvastatin provided a 36.4% decrease in CRP levels compared with 5.2% for patients treated with 40 mg pravastatin (16). Our results suggest that the biomarker that is most influenced by atorvastatin treatment is myeloperoxidase, which plasma levels increased by 20.7% and 25.6% for the 10-and 80-mg atorvastatin groups, respectively. Such an increase in myeloperoxidase levels upon statin therapy has already been observed by Meuwese et al. (17) in a sample of patients with heterozygous familial hypercholesterolemia treated with either atorvastatin 80 mg or simvastatin 40 mg. As for the predictive value of CRP, our results are not in line with those of the PROVE IT-TIMI 22 and A to Z (Aggrastat-to-Zocor) trials, in which plasma levels of CRP did predict cardiovascular disease (CVD) outcomes in statin-treated patients with acute coronary syndrome (4, 18) . However, it should be noted that, although these study populations were similar in terms of age, sex, diabetes, and hypertension prevalence as well as lipid levels, the proportion of smokers in the TNT trial was almost twice as low compared with the PROVE IT-TIMI 22 and A to Z study populations. This difference might explain, at least to a certain extent, the difference At the time of randomization, all participants had been taking 10 mg atorvastatin for at least 8 weeks. *Hazard ratio (HR) associated with doubling the concentration and adjusting for age, sex, and treatment effect; †p Ͻ 0.05 (p Ͼ 0.02) for treatment by biomarker interaction. CI ϭ confidence interval; MCVE ϭ major cardiovascular event; other abbreviations as in Tables 1 and 3 . 
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between CRP levels and cardiovascular outcomes observed across these studies. Elevated plasma levels of inflammatory and oxidative stress markers are common in individuals with excess visceral adiposity and insulin resistance (19, 20) . Visceral adipocytes as well as the macrophages that infiltrate adipose tissue are major contributors to the plasma levels of many of the biomarkers we measured, including hsCRP (21, 22) . Because most of the study patients were older, were overweight or obese, or already had documented CHD, it is highly likely that most had an excess of visceral adipose tissue. Although statins have several documented pleiotropic effects, they have no effects on either body weight or body fat distribution. Thus, even though statins improved plasma levels of the studied biomarkers, there is no evidence that they have an impact on the likely biological sources of these biomarkers in the patients included in the TNT study. This might have had an influence on the observed relationships between biomarker levels and the risk of recurrent CHD. We believe that this analysis of TNT participants might have yielded different results if the intervention had been lifestyle modification instead of statin therapy.
The results of the present study do not question the relevance of systemic inflammation or inflammatory markers in the pathophysiology of CVD, for several reasons. We know from epidemiological studies that: 1) several markers of inflammation are independent CVD risk factors; and 2) initiating lipid-lowering therapy in individuals with elevated biomarker levels (at least hsCRP) brings clinical benefits (4, 5) . However, our observations suggest that such cardiovascular benefits are primarily attributable to the effects of statins on lipids rather than nonlipid biomarker levels. Future trials recording CHD outcomes in patients taking anti-inflammatory drugs (other than statins) are necessary to determine whether targeting inflammation is useful for CHD prevention (23) .
In this case-control study, levels of traditional lipid biomarkers measured at randomization, when all subjects had already been taking 10 mg atorvastatin for at least 8 weeks, were predictive of future MCVEs in the combined group as well as in the 10-and 80-mg atorvastatin groups studied separately. Because the ability of LDL-C and HDL-C levels at randomization to predict future cardiovascular events was similar to what has been reported in many other studies, considerable confidence is provided in the validity of the approach used in this case-control study. However, it should be considered that these analyses were confined to patients participating to the TNT trial in whom additional informed consent was obtained. For instance, 51.5% of the cases recorded in the TNT cohort were included in the present analyses, which could have limited our power to detect associations between biomarkers and the risk of MCVE. In the absence of a complete dataset, we have used a nested case-control design. Although it could be argued that this might have limited the power to detect the true predictive value of the biomarkers tested, this type of design is increasingly being used to study causal relationships in cohort studies and has been demonstrated to be an efficient sampling method in well-defined cohorts (24) . Case-control studies are often not based on well-defined patient populations, making it difficult on occasion to ensure that cases and control subjects are a representative sample of the population under study. In the current analysis, all cases were drawn from the well-defined TNT patient population, with the control subjects being randomly sampled from this same patient population. Also in support of the findings presented here, the predicted value of the lipid biomarkers for MCVEs (measured at randomization and after 1 year of Thus, results from this biomarker study are highly likely to be applicable to patients similar to those studied in the TNT trial. The TNT trial did not include a placebo group, because all participants received active treatments. It was thus not possible to make comparisons with untreated patients. As a consequence, it must be emphasized that our data should not be interpreted as a negation or a contradiction of the results of studies showing the ability of biomarkers to predict MCVEs in other populations or in asymptomatic individuals. Finally, it should be taken into consideration that the assays that we have used for the measurement of CRP and N-terminal fragment of pro-Btype natriuretic peptide (NT-proBNP) have not been clinically validated. However, a cross-validation study demonstrated that the human CVD Panel 
